Surgeons have advocated for both approaches, and at present there is no consensus whether one approach is superior to the other. The authors therefore compared surgical outcomes between craniotomy and endoscopic endonasal transsphenoidal surgery (EETS) for suprasellar tumors treated at their institution. methods A retrospective review of patients undergoing resection of suprasellar lesions at Cedars-Sinai Medical Center between 2000 and 2013 was performed. Patients harboring suspected craniopharyngioma were selected for extensive review. Other pathologies or predominantly intrasellar masses were excluded. Cases were separated into 2 groups, based on the surgical approach taken. One group underwent EETS and the other cohort underwent craniotomy. Patient demographic data, presenting symptoms, and previous therapies were tabulated. Preoperative and postoperative tumor volume was calculated for each case based on MRI. Student t-test and the chi-square test were used to evaluate differences in patient demographics, tumor characteristics, and outcomes between the 2 cohorts. To assess for selection bias, 3 neurosurgeons who did not perform the surgeries reviewed the preoperative imaging studies and clinical data for each patient in blinded fashion and indicated his/her preferred approach. These data were subject to concordance analysis using Cohen's kappa test to determine if factors other than surgeon preference influenced the choice of surgical approach. results Complete data were available for 53 surgeries; 19 cases were treated via EETS, and 34 were treated via craniotomy. Patient demographic data, preoperative symptoms, and tumor characteristics were similar between the 2 cohorts, except that fewer operations for recurrent tumor were observed in the craniotomy cohort compared with EETS (17.6% vs 42.1%, p = 0.05). The extent of resection was similar between the 2 groups (85.6% EETS vs 90.7% craniotomy, p = 0.77). An increased rate of cranial nerve injury was noted in the craniotomy group (0% EETS vs 23.5% craniotomy, p = 0.04). Postoperative CSF leak rate was higher in the EETS group (26.3% EETS vs 0% craniotomy, p = 0.004). The progression-free survival curves (log-rank p = 0.99) and recurrence rates (21.1% EETS vs 23.5% craniotomy, p = 1.00) were similar between the 2 groups. Concordance analysis of cases reviewed by 3 neurosurgeons indicated that individual surgeon preference was the only factor that determined surgical approach (kappa coefficient -0.039, p = 0.762) coNclusioNs Surgical outcomes were similar for tumors resected via craniotomy or EETS, except that more CSF leaks occurred in the EETS cohort, whereas more neurological injuries occurred in the craniotomy cohort. Surgical approach appears to mostly reflect surgeon preference rather than specific tumor characteristics. These data support the view that EETS is a viable alternative to craniotomy, providing a similar extent of resection with less neurological injury.
Although both approaches have their advantages and advocates, there is no clear consensus whether one is superior to the other. The most direct way to resolve this issue would be to perform a comparison of surgical outcomes between these 2 approaches. Several authors have documented their experience with endoscopic endonasal approaches for suprasellar lesions. 2, 7, 16, 17, 30, 31, 34 Similarly, there are an abundant number of reports of outcomes following transcranial approaches but no series directly comparing these approaches in a single-or multiinstitutional cohort. One systematic review has compared EETS to cranial approaches based on reported case series. 28 Because the goals, such as the aggressiveness of resection, may vary among institutions, it is difficult to compare outcomes in a systematic review of this nature.
To better address this issue, we compared the surgical outcomes, including extent of resection (EOR), complication rate, and progression-free survival (PFS), between the 2 approaches for cases treated at a single institution.
methods
All patients with midline suprasellar lesions that were resected at Cedars-Sinai Medical Center between January 2000 and March 2013 were identified by retrospective review of the Department of Pathology surgical case log. Patients with histologically verified pathologies of craniopharyngioma, pituicytoma, and xanthogranuloma were included in this review. Meningioma, pituitary adenoma, glioma, and other nonstalk-based lesions were excluded, as were stalk-based lesions requiring only biopsy, such as lymphoma, hypophysitis, or germinoma. These inclusion and exclusion criteria resulted in a subset of tumors of similar size and operative requirements, with similar operative techniques and expected goals of surgery. For each case, the patient's medical chart was reviewed. Demographic information including patient age, sex, presenting symptoms, hormonal status, visual field examination, and previous therapies were recorded.
All patients who underwent operation before the year 2000 were excluded from this study to let the data reflect more current techniques and approaches, as well as a more unified institutional philosophy regarding the goals of surgery. Additionally, patients with primarily intrasellar tumors were not included in this study, because the aim of the study was to compare operative techniques for midline suprasellar/third ventricular lesions. Xanthogranuloma and pituicytoma cases were included because these lesions appear radiographically and clinically similar to craniopharyngioma, were presumed to represent craniopharyngioma prior to surgery, and the surgical strategy used mimicked that for craniopharyngioma. Surgeons only became aware of the alternate pathological type on postoperative histological examination. Therefore, the expected surgical morbidities and outcomes in these cases are similar enough to those of craniopharyngioma to warrant inclusion. Finally, cases with insufficient or incomplete records were also excluded.
The patients included in this study were arranged into 2 groups: those who underwent a craniotomy (including bifrontal, pterional, orbitozygomatic, or transcallosal), and those who underwent EETS. Because the primary objective of the analysis was to determine if either method was associated with more complications, more complete resection, or improved survival prognosis, the analysis focused primarily on surgical cases rather than individual patients. Since this study focused on comparing surgical procedures, patients who underwent reoperation for recurrence of their tumor, but via a different approach from that of the index surgery, were designated to both groups. For example, a patient who initially underwent craniotomy and later underwent EETS for a recurrence was evaluated for complications, EOR, and survival in both the craniotomy and EETS groups.
For each operative case, tumor volumes were measured from a pre-and postoperative MRI scan, using the line measurement tool on our picture archiving and communication system (PACS) station (GE Healthcare). Preoperative MRI scans were always obtained within 2 weeks prior to surgery, whereas postoperative scans were obtained either 1-2 days or 3 months after surgery, depending on surgeon preference and clinical indication. Tumor volumes were computed using the following equation: Tumor volume = (A × B × C)/2, where A, B, and C represent the dimensions of the tumor in 3 orthogonal planes. This equation assumes that the shape of the lesion approximates roughly a sphere. Although this measurement is only a reasonable estimate rather than an exact measure of tumor volume, it provided adequate assessment of the EOR with some degree of quantitation. All tumor volumes were recorded in units of cubic centimeters. The EOR for each case was computed by the following equation: EOR = 1 -postoperative volume/preoperative volume.
Additional characteristics of the tumor were also recorded, including the consistency of the tumor (solid vs cystic), as indicated by the surgeon's operative note and the lesion's radiographic appearance. Tumors were classified based on their location in relation to the infundibular stalk. Using the classification scheme proposed by Kassam et al., 25 lesions located primarily anterior to the stalk were classified as Type I, lesions located intrinsic to the stalk were designated as Type II, and lesions posterior to the stalk were classified as Type III. The pathologies for all cases were recorded. Craniopharyngiomas were divided into adamantinomatous or papillary subtypes.
For each surgery, intraoperative and postoperative complications were tabulated. These included vascular, neurological, hormonal, and CSF leak complications. Follow-up data for each case were also tabulated, including whether the patient underwent reoperation or radiation for recurrent or progressive tumor, length of PFS, and time of last follow-up. The PFS was calculated as the time from initial surgery to radiation and/or additional surgery for MRI-documented evidence of tumor growth. This included both growth of existing residual disease and recurrence of disease in a patient with no radiographic evidence of disease on prior MR images. For cases with no progression or recurrence (i.e., censored), PFS was the same as the length of time from initial surgery to last follow-up.
A significant concern in a retrospective review of this nature is that selection bias influenced the surgical approach and that outcomes are reflective of this bias. For example, tumors with a more solid component might tend to be selected for craniotomy, whereas more cystic tumors would be selected for EETS. In turn this could affect results, such as EOR. To address this potential confounding factor, 3 neurosurgeons who were experienced in tumor resection (> 10 years clinical practice) and who were not involved in the cases were asked to evaluate the preoperative images and clinical data for each patient, and to select the surgical approach he or she would prefer for that case. The neurosurgeons were blinded to each other, to the actual surgeon or patient identifiers, and to any information about outcomes. These data were tabulated, compared with the actual procedure performed, and subjected to concordance analysis. In the absence of a randomized clinical trial (RCT), these data are useful to determine if certain tumors were always preferentially selected for craniotomy or EETS, or if the surgical approach was principally attributable to surgeon preference.
Statistical analysis for differences in demographic variables, EOR, complication rates, types of complications, PFS, and recurrence rate were calculated between craniotomy and EETS cases. Descriptive statistics were reported for all patients as well as for cohorts classified according to treatment group. Continuous variables were described using means, medians, and interquartile ranges (IQRs), whereas categorical variables were reported in terms of frequencies. Univariate comparisons were conducted us- The mean age at surgery for the entire cohort (n = 53) treated with either a craniotomy or EETS procedure was 45.2 years, with an IQR of 38-59 years ( Table 1 ). The average age among craniotomy (45.3 years) and EETS (45 years) patients was comparable (p = 0.96). Fewer female patients were treated with a craniotomy compared with EETS (44.1% vs 52.65%, p = 0.55). A description of preoperative symptoms showed that visual disturbances (54.7%) were most commonly observed, followed by endocrinopathy (41.5%), neurological symptoms (32.1%), and headaches (26.4%). The rates of preoperative symptoms were comparable between cases treated with a craniotomy and EETS, with the exception of a moderate difference in neurological symptoms (craniotomy: 41.2%, EETS: 15.8%; p = 0.07). Because preoperative symptoms encompassed a wide spectrum of conditions, Table 2 provides a detailed summary of the presenting signs and symptoms in each surgical group. Table 3 demonstrates histological characteristics in the 2 groups. All tumors were midline suprasellar/third ventricular tumors, with the overwhelming majority (92.5%) of cases comprising craniopharyngioma. Other pathological types were pituicytoma and xanthogranuloma. Among the craniopharyngiomas, the frequency of subtypes based on histological characteristics (adamantinomatous vs papillary) and infundibular classification are also listed in Table 3 . No significant difference in tumor pathology or consistency was seen between the 2 cohorts. Among craniopharyngiomas, no significant difference was seen in the distribution of infundibular class between the 2 groups. The preoperative tumor volume was similar between the 2 groups (9.5 cm 3 vs 9.0 cm 3 , p = 0.84). Within the EETS group, the predominant surgical ap-proach was a transsphenoidal and transplanum approach. In one case a combined transplanum and transclival approach was used. In another case early in the series, a sublabial approach was used. In the craniotomy group, the surgical approach varied significantly depending on the anatomical location of the tumor and surgeon preference. The approaches included pterional (35.3%), bifrontal (35.3%), supraorbital keyhole craniotomy (8.8%), interhemispheric transcallosal (8.8%), transventricular (5.9%), orbitozygomatic (2.9%), and subtemporal (2.9%).
The mean EOR for all cases within each group is summarized in Table 4 . Given that reoperations performed for recurrent or progressive tumors may entail more challenging resections than first-time cases due to more aggressive pathology, scarring, and difficult anatomical location, EOR was also subdivided and evaluated separately for first-time cases and reoperation cases. No significant difference was found in the EOR between the 2 cohorts, both overall (90.7% vs 85.6%, p = 0.77) and separately for firsttime (p = 0.43) and redo operations (p = 0.36).
New endocrine deficits were the most frequent complications, representing 50.9% of all complications, followed by cranial nerve injuries (including visual deficits), representing 15.1% of all complications. Comparisons of specific complication rates between the craniotomy and EETS groups are depicted in Table 5 . The most commonly encountered complications in both groups were panhypopituitarism and diabetes insipidus (DI), occurring with similar frequency in both groups (38.2% vs 42.1% for panhypopituitarism, and 52.9% vs 31.6% for DI).
The complications were grouped into endocrinological complications, cranial nerve injury including optic nerve injury, hydrocephalus/hygroma, stroke/hemorrhage, CSF leak, death, and other (Table 6 ). The incidence of cranial nerve injury including visual deficit was significantly higher in the craniotomy group (23.5% vs 0%, p = 0.04). These included injuries to the optic, oculomotor, trochlear, olfactory, and frontalis branch of the facial nerve. The incidence of CSF leaks was significantly higher in the EETS group (0% craniotomy vs 26.3% EETS, p = 0.004). Other complications, including hydrocephalus (p = 0.69), stroke (p = 1.00), and death (p = 1.00) were similar between the 2 groups.
The mean follow-up time in the craniotomy group was 1049 days. The mean follow-up time in the EETS group was 1022 days (p = 0.80). The PFS times as well as the rates of reoperation/radiation for recurrent or progressive tumor are shown in Table 7 . Due to the fact that reoperation cases may have an increased likelihood of more aggressive and/or difficult-to-resect tumors, the PFS in this group may be different than in cases in which a first-time operation was performed. Therefore, the PFS for first-time and reoperation cases was calculated separately. The mean PFS times were similar between the 2 cohorts (760 vs 780 days, p = 0.78), including between the first-time operation (p = 0.91) and reoperation (p = 0.27) subcohorts. In addition, Kaplan-Meier curves were constructed for the PFS for both cohorts (Fig. 1 ). There was no significant differ- 
ence in PFS curves for the craniotomy and EETS cohorts based on the log-rank test (p = 0.99).
The rate of further treatment for recurrent or progressive disease, whether surgical or radiation, was similar in the 2 groups (23.5% vs 21.1%, p = 1.00) ( Table 7) . Surgical retreatment included both craniotomy and EETS. Additionally, the percentage of cases that received further treatment for recurrent or progressive disease following GTR during the index procedure was 8.8% and 0% (p = 0.55) for the craniotomy and EETS groups, respectively.
The overall rate of craniotomy in this cohort was 64.2% and for EETS it was 35.8%. Analysis of the surgical approach preferences of 3 independent surgeons who were not involved in the treatment of this cohort (Table 8) found that one of the surgeons had a strong preference toward craniotomy (85%), another had a strong EETS preference (87%), and the other had a similar preference toward craniotomy (53%) or EETS (47%). In evaluating intersurgeon concordance we found a kappa coefficient of -0.039 (p = 0.7624). This statistic indicates a genuine disagreement between the surgeons as to the best approach. That is, surgeons agree on a particular surgery less than would be expected by chance alone. Further analysis identified only 9 cases (17%) in which all 3 blinded reviewers agreed on the same surgical approach (5 EETS, 4 craniotomy), which is less than the 25% odds that there would be agreement based on pure chance. Similarly, there were only 6 cases (11%) in which all 3 blinded reviewers chose concordantly with the actual surgery performed, whereas there was a 25% chance that this would occur randomly. Taken as a whole, these data firmly support the notion that a surgeon's expertise was the strongest factor driving surgical choice in this series. No other metric was identified as a factor in determining surgical approach, including tumor size, tumor location, tumor shape or consistency, patient age, history of previous surgery, or clinical symptoms.
An analysis of surgical trends over time suggests an ongoing change in philosophy toward each surgical method 
discussion
Tumors occupying the midline suprasellar space represent a diverse array of pathological types. Of these, craniopharyngiomas are the most common, accounting for 1%-4% of all intracranial tumors. 43 Resection and radiation have been the mainstays of treatment.
23,27,52 Total resection of craniopharyngiomas has been associated with improved long-term outcomes according to several studies; 5, 9, 12, 13, 19, 41, 48, 49, 53 however, long-term outcomes in patients with GTR are similar to those receiving partial resection with adjuvant radiation, 52 leading many surgeons to advocate for less aggressive resections to reduce surgical morbidities.
The constraints imposed by the nearby critical neurovascular structures in the suprasellar region have led to the development of several approaches. Pterional, orbitozygomatic, and subfrontal approaches rely on the surgeon developing "corridors" to access the suprasellar space, requiring retraction of brain tissue, and working between neurovascular structures. 29, 32, 35, 38, 52, 53 This may result in highly morbid perioperative complications, such as cerebral edema, venous infarct, carotid artery injury, stroke, and cranial nerve injury.
First reported by Locatelli et al., endoscopic approaches to the skull base have become an increasingly popular method of treatment of suprasellar lesions.
2,4,7,16,18,36 EETS has several advantages over traditional open approaches, including direct access to the skull base without retraction of neural tissue or manipulation of neurovascular structures. 3, 15, 16, 24, 27, 31 Additionally, the third ventricle and hypothalamus can be well visualized using endoscopic endonasal approaches. 15 Extended microscopic transsphenoidal approaches have been described for treatment of suprasellar lesions. 22, 29, 40 EETS has allowed significantly wider surgical exposure than the traditional microscopic approach. Transplanum and transclival extensions of the expanded endoscopic endonasal approach permit access to the suprasellar and prepontine spaces, respectively, thus providing a significantly larger working window for resection. 44 In addition, EETS can allow access to tumors located in the retroinfundibular space via transposition of the pituitary gland. 17, 26 Despite these advantages, several limitations do exist to endoscopic endonasal approaches. Tumors extending lateral and/or encasing structures such as the supraclinoid carotid artery may be difficult to resect via EETS, and may be more amenable to a transcranial approach. 8, 10 Moreover, a steep learning curve exists for the performance of these approaches, and often requires a neurosurgeon and otolaryngologist trained in skull base approaches.
39
At our institution, although the total number of surgeries for midline suprasellar tumors has remained fairly constant, there has been a steady increase in the use of EETS since 2007, with a concomitant decrease in craniotomies. A similar trend has been noted in many other centers as well. We suspect that this trend will continue and that it reflects a growing consensus that EETS has several advantages over craniotomy for these growths. baseline characteristics of patients No significant differences were found in the demographic profile between the EETS and craniotomy groups. Similarly, no significant differences were found in the presenting symptoms between the 2 cohorts. Moreover, the relative frequencies of different tumor types were similar between the 2 groups, as were the tumor consistencies and preoperative volume. Among craniopharyngiomas, the distribution of tumor location relative to the infundibulum was similar between the 2 cohorts, as were the histological subtypes (adamantinomatous vs papillary). These findings suggest that the outcomes reported are not reflective of a selection bias toward one procedure or another based on anatomical issues or symptoms, and that the data reflect a reliable comparison between surgical methods.
extent of resection
A large systematic review of the literature by Komotar et al. compared data from 88 studies reporting EETS, microscopic transsphenoidal surgery, or craniotomy for resection of craniopharyngiomas, totaling 3470 patients. 28 That study concluded that significantly greater rates of GTR occurred in the EETS cohort compared with the cranial cohort, whereas higher rates of partial resection were found in the cranial group. Of note, none of the papers that were used to create this systematic review directly compared EETS and craniotomy at a single institution, but rather reported results for either only cranial resections or only EETS resections, making direct comparisons more difficult than in our series.
It is difficult to directly compare the EOR in our study, in which it was measured as a continuous variable, to the EOR in this earlier review, in which it was categorized into discrete variables. Nonetheless, it is interesting to observe that Komotar et al. did report a difference in the EOR between cohorts, whereas we did not observe this difference. One possible explanation could be the difference in preoperative tumor characteristics between the 2 groups in their review. For example, the average cross-sectional lesion size was smaller in the EETS group than in the craniotomy group (2.9 cm vs 3.9 cm, respectively). Moreover, Komotar et al. summarized results from many different institutions. Each institution probably had its own biases regarding the goals of resection. Although some institutions may have favored less aggressive resection followed by radiation, others may have favored attempting a total resection when feasible. This bias introduces a substan- tial confounding factor that may influence the difference in EOR seen, which would be less of an issue in singleinstitution studies with a consistent strategy.
Other single-center reports provide further support to our findings. Frank et al. reported a series of 10 patients with craniopharyngiomas who underwent resection via an EETS; GTR was achieved in 7 of 10 patients. 16 Koutourousiou et al. reported a GTR rate of 31.9% and a > 95% resection rate of 61.7% in their cohort of adult patients who underwent EETS for craniopharyngioma. 30 Leng et al. reported a GTR rate of 86% among patients with craniopharyngioma who underwent EETS for which total resection was the intended goal. 33 Gardner et al. reported a mean EOR of 89.6% for initial surgery, and a mean EOR of 75.2% for recurrent lesions in their cohort treated via EETS. 17 These rates are consistent with our findings. These rates are also comparable to reported rates in the literature for suprasellar tumors resected via cranial routes. 1, 9, 14, 41, 42, 45, 47, 49, 50, 53 endocrine complications
In our study, no significant difference in the rate of endocrine complications was found between the 2 groups. Frank et al. reported permanent DI in 3 of 10 patients, consistent with our findings. 16 Other EETS series have reported rates of 32.3% and 42%. 30, 34 Komotar et al. reported DI in 27.7% of patients in the EETS group, whereas they found a DI rate of 54.8% in the cranial group. 28 This is also comparable to our findings, in which the rate of DI was 31.6% and 52.9% in the EETS and craniotomy group, respectively. Interestingly, Komotar et al. found this difference to reach statistical significance, 28 whereas we found no statistical difference. The current study may be underpowered to detect such a difference in postoperative rates of DI.
Moreover, Komotar et al. reported panhypopituitarism in 48.1% in the craniotomy group, and a rate of 47.1% in the EETS group. 28 This is also comparable to our findings, in which we found a panhypopituitarism rate of 38.2% and 42.1% in the craniotomy and EETS groups, respectively. Koutourousiou et al. reported a similar rate of 37.5% for pituitary dysfunction after EETS surgery, 30 and Leng et al. reported a 38% rate. 34 Several studies have also previously reported postoperative rates of panhypopituitarism and DI to be within the same range following craniotomy. 1, 14, 34, 42, 45, 49, 50, 53 This is consistent with our observation that there was no significant difference in endocrine complication rates between the EETS and craniotomy cohorts.
On the other hand, Gardner et al. reported a postoperative DI rate of 8% and a panhypopituitarism rate of 18% in a series of 16 patients who underwent EETS for suprasellar craniopharyngiomas. 18 One possible explanation for this discrepancy could be that in our EETS cohort 75% of the cases were Type II tumors, whereas in the Gardner series Type II tumors represented approximately 31% of the cases. This may have resulted in a greater rate of injury or sacrifice of the pituitary stalk during resection in the current study.
postoperative csF leaks
As expected, the incidence of postoperative CSF leaks was significantly greater in the EETS group, occurring in 26.3% of our cases. The CSF leak rate in the Komotar review was also significantly higher in the EETS group (18.4%) compared with the craniotomy group (2.6%). 28 Frank et al. reported a postoperative CSF leak in 3 of 10 patients (30%) undergoing EETS. 16 Koutourousiou et al. reported a CSF leak rate of 27.7% in their cohort of patients. 30 These are comparable to the CSF leak rates found in the EETS cohort in this study. Several other series involving endoscopic endonasal approaches have reported a CSF leak rate in this range as well. 7, 17, 46 More recent series in which pedicled nasoseptal flap was used have reported CSF leak rates less than 10%, and even between 0% and 4% in some more recent series. 20, 33, 34, 51 Koutourousiou et al. found a CSF leak rate of 58.8% among patients who did not undergo a flap reconstruction, whereas they found a CSF leak rate of 10.6% among patients who did have a vascularized flap reconstruction. 30 As of 2011, we have routinely used a nasoseptal flap in all EETS cases, with a reduced rate of CSF leak of 14%, and with no leaks in our last 7 patients. Given the small sample size in this study, it is difficult to ascertain whether the CSF leak rate improved due to the use of nasoseptal flaps, or simply due to the improved surgical technique.
optic Nerve injury
We noted an 8.8% incidence of postoperative visual deficit in the craniotomy group and none (0%) in the EETS group. Similarly, Frank et al. reported no visual worsening after surgery in their series of 10 patients, 16 and Gardner et al. reported no worsening of vision in their series of 16 patients who underwent EETS. 17 Koutourousiou et al. reported that 1 patient in their cohort of 47 patients (2%) experienced a new visual deficit after EETS surgery, 30 and Leng et al. reported that 2 patients experienced worsening vision postoperatively in their series of 26 cases. 34 Overall the rate of new visual deficit was 3/99 (3%).
In contrast, several studies report a fairly substantial rate of postoperative visual deficits when using cranial approaches. Fahlbusch et al. noted a rate of postoperative visual deterioration of 14.3% in the transcranial cohort and 0% in the transsphenoidal cohort.
14 Similarly, Chakrabarti et al. found a 17% incidence of postoperative visual deficit in the craniotomy cohort versus 3% in the transsphenoidal cohort. 5 Whereas the cranial results are directly relevant to the current series, the transsphenoidal data are harder to correlate because both series used the transsphenoidal route for cystic tumors of the sella, and neither used the EETS approach described in this series. These multiple series support the view that cranial surgery is associated with a higher risk of postoperative visual deterioration than is EETS surgery.
cranial Nerve injury other than optic
We found a significantly greater incidence of postoperative cranial nerve injury in the craniotomy group (14.7%) versus that in the EETS group (0%). This included injuries to the oculomotor, trochlear, olfactory, and frontalis branch of the facial nerves. Frank et al. reported 1 (10%) third nerve palsy in their series of 10 patients undergoing EETS for resection of craniopharyngioma. 16 Moreover, Koutourousiou et al. reported the postoperative incidence of cranial nerve palsy to be 4.2% in their adult cohort.
30
When combining both optic and nonoptic cranial nerve injuries, we found a significantly higher rate of cranial nerve injury in the craniotomy group compared with the EETS group. This probably reflects the fact that a greater degree of manipulation of neural structures is required in the cranial approaches.
other complications
The incidence of hydrocephalus in the EETS cohort in this study was found to be 15.8%. Koutourousiou et al. reported a rate of 12.7% in their series of patients treated with EETS. 30 Other studies have also reported similar rates of postoperative hydrocephalus after EETS surgery. 2, 14, 21, 37 Other complication rates from the review by Komotar et al. closely matched the complication rates found in this study. 28 The rates of wound infections/dehiscence, meningitis, strokes, hemorrhage, and death for both groups were very similar to those found in this study. Moreover, no significant differences were found for these complications between the 2 groups, similar to the findings of this study. We did not report postoperative weight gain in our results. Postoperative obesity is a well-documented sequela of craniopharyngioma resection, 34 probably due to hypothalamic injury. Information regarding weight status was not reliably available for each patient, and thus we were not able to assess the incidence of this issue. Other authors have reported difficulty in assessing obesity postoperatively in adult patients, because it is not clear whether the weight gain is from hypothalamic injury, exogenous steroid use, or a change in diet and exercise patterns.
30,34
rates of pFs and recurrence
The PFS was quite similar between the 2 groups in our study, as was the proportion of cases that went on to require further treatment for recurrent or progressive disease. Interestingly, the PFS of patients who underwent a repeat operation was shorter in the craniotomy group compared with the EETS group; however this did not reach statistical significance. The mean follow-up time for the reoperation cases in the EETS group (1318 days) was longer than that for the reoperation cases in the craniotomy group (979 days). The longer mean follow-up period in the recurrent EETS group would lend itself to a longer mean PFS. Although not a perfect statistic, the mean PFS/mean follow-up ratio was similar in both groups (0.56 for the recurrent EETS group vs 0.41 for the recurrent craniotomy group). There was no significant difference in the mean follow-up between the 2 groups when including all cases, both first-time operations and reoperations. Therefore, a comparison of PFS using the entire cohort is more meaningful.
The review by Komotar et al. found a mean time to recurrence of disease of approximately 906 days in the craniotomy group versus 402 days for the EETS group. 28 However, a statistical significance was not reported for this difference. This is somewhat confusing because they found an increased rate of GTR in the EETS group, and similar rates of adjuvant radiation/radiosurgery in both groups. This difference may be at least partly attributed to the difference in mean follow-up time between the 2 groups: 65.2 months (1956 days) for the craniotomy group and 28.9 months (867 days) for the EETS group, as well as a larger number of cases in the craniotomy group. Although we did not find any significant difference in the PFS in our study, it is difficult to compare our results to the Komotar review given the differences in mean follow-up times between the studies.
Additionally, Komotar et al. found a tumor recurrence rate of 28.2% and 18.4% in the craniotomy and EETS groups, respectively, but the difference was not statistical-ly significant. 28 These results are similar to our findings. Koutourousiou et al. reported a recurrence rate of 31.9% in their cohort of 47 adult patients with craniopharyngiomas treated with EETS surgery over a mean follow-up time of 39 months, and a mean recurrence-free period of 15.1 months. 30 We noted no recurrences after a GTR via EETS, but a 21% rate of recurrence overall among all patients receiving EETS surgery, reflecting the significance of EOR regarding recurrence. Gardner et al. reported no recurrences in patients who underwent GTR in their series of 16 patients treated with EETS. 17 Similarly, Leng et al. also found no recurrences in their subset of patients who underwent GTR via an EETS approach. 34 Koutourousiou et al. found no significant difference in the rate of recurrence between cases in which they achieved GTR versus subtotal resection via an EETS approach. 30 One possible explanation for this could be that the proportion of the subtotal resection cases in which they achieved near-complete (> 95%) resection may have been high, thereby yielding similar results to those undergoing GTR.
potential limitations
A potential confounding factor in a retrospective study of this nature is selection bias. Are our data limited by such a bias? For example, early in our series almost all cases were treated via craniotomy, but toward the end most were treated via EETS. Did this reflect a temporal selection bias? Analysis indicates that this perceived temporal bias was driven by a surgeon's preference and expertise. That is, the surgical preference depicted in our series is strongly aligned with the expertise available in our surgeons. The high preponderance of EETS surgeries in the latter phase of our series is driven by the arrival of a surgeon who has significant expertise with the EETS approach. In the absence of his presence at our institution, surgeons preferred the craniotomy approach.
However, selection bias may also be masked by other variables. For example, tumor volume and clinical presentation may not reflect issues such as tumor location relative to neurovascular structures, tumor consistency and degree of calcification, previous surgical approaches, or other such factors. These factors may strongly influence a surgical choice and lead to better or worse observed outcomes. We attempted to address these issues by asking 3 neurosurgeons with extensive clinical experience in managing suprasellar tumors to evaluate the images and clinical data for each patient in blinded fashion, and to select a surgical approach. If there was a strong tendency to select one surgical approach due to these sorts of characteristics, this would be revealed by concordance analysis of these choices. Our analysis, however, indicated no case-specific concordances, but rather that individual surgeon preference was the only factor that influenced surgical choice. Complete concordance of surgical approach among the 3 blinded reviewers would be expected in 25% of cases by pure chance, yet the concordance rate in our analysis was only 17% (9 cases). Furthermore, of those 9 cases there were only 6 (11%) in which the blinded reviewers all agreed with the surgical approach actually chosen (2 EETS, 4 craniotomy), and there were 12.5% odds that this would occur by chance variation only. This analysis firmly suggests that selection bias does not explain our findings and supports our conclusions regarding the benefits and disadvantages of each method.
In the classic sense, all surgical series are subject to some degree of selection bias because each surgeon chooses an approach that he or she believes will best accomplish the surgical goal. Such lack of control is present in many neurosurgical studies. This form of selection bias takes into account individual training and experience, along with issues about the individual tumor, yet does not necessarily detract from the validity of observation. 6 The nature of this form of selection bias is becoming more recognized in surgical studies, and in fact it has been suggested that this bias is built into the design of RCTs.
It is worth noting that in a conventional RCT the patients are typically randomized according the intervention, regardless of a surgeon's level of expertise. However, a surgeon's experience and training influences the efficacy and eventual clinical outcomes associated with a particular surgical approach. A more relevant approach would be one that randomizes patients to a surgical approach based on a surgeon's expertise level (expertise-based RCT). Expertise-based randomization instead allocates patients to surgeons with expertise in the specific interventions under investigation who are committed to performing a specific surgical procedure (e.g., craniotomy or EETS) based on their expertise. So, expertise-based trials may well be superior to conventional RCTs when comparing competing techniques, because they help overcome some of the limitations involved with RCTs: differential expertise bias, ethical concerns about conventional RCTs, and improved trial feasibility, to name a few.
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Certainly a prospective expertise-based RCT evaluating outcomes between surgeons who favor craniotomy and those who favor EETS is the most definitive way to address this issue, but in the absence of such a study our data suggest that selection bias cannot explain our results, and support the observation made.
A second limitation of this study is that the sample sizes in our cohort were relatively small. Our sample size was comparable to several other studies that have examined the use of EETS, and therefore carries the same limitations as those retrospective studies. This small sample size may have resulted in an insufficient power in our study to detect a difference in several variables.
A third limitation is that although the vast majority of the cases were craniopharyngiomas, there were a few pituicytomas and only 1 xanthogranuloma. This may have influenced our outcomes to some degree, including recurrence rates and PFS. Most of the other studies examining the use of endoscopic endonasal techniques were solely for the resection of craniopharyngiomas. Therefore, there may not be a fair comparison of outcomes between our study and these studies in the literature. It should be noted, however, that pituicytoma and xanthogranuloma cases represented only a very small proportion of the cases in our cohort. From the standpoint of the surgical approach, expected complications of surgery, and overall survival, the results should be consistent with those seen for Type II infundibular craniopharyngiomas. Since the EOR and complications were the primary outcomes analyzed in this series, we think their inclusion is justified, but it may make it harder to draw broad conclusions about PFS for craniopharyngiomas.
Finally, although our mean follow-up time was comparable to that reported for several other studies, the amount of time may be insufficient to assess the true rate of recurrence and PFS. Longer-term studies are needed to better resolve this issue.
conclusions
Both EETS and craniotomy can successfully remove craniopharyngiomas and similar midline suprasellar masses. The EOR, recurrence rate, and PFS appear to be similar when either EETS or craniotomy was used at our center over a 13-year period. Whereas the rate of CSF leakage was found to be significantly higher in the EETS cohort, the rate of cranial nerve injury and other neurovascular complications was found to be significantly higher in the craniotomy cohort. In light of the long-term consequences of neurological injury and the relative ease with which CSF leaks can be repaired, we believe that our data support the conclusion that EETS surgery is the preferred approach for removal of suprasellar craniopharyngiomas and similar lesions whenever feasible, and we advocate for increased use of the EETS approach. 
